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INTRODUCTION

For many years now the scientific community and the public have suffecegjththe use derms like
exceedancprobability andreturn periodas the primarygerms usd to define storm severityThese phrases are
oftenmisapplied byscientists/engineers amtisunderstootby the media and the public (Glazner, White and
Tomic, 1998) :yeaTh e ttoesgtm rafityedsdstorin berms of its percent chanoé
occurrencen any given yearbut says nothing aboits areal extent or duraticend to nanyinfers a suggestion
of separsadulich®n (hfawe anot her oAlse, stororeturreperiods ardlmostd y e ar s
always calculated from a point rainfall measurement, which is rédireler representative of the area covered
by a storm.A few papers have been published on the topgtorm severity vs. rdy (Glazner, White and
Tomic, 198; Grisa, 2009), but have tended to use recurrence intafsaldalledeturn period) as an input to
their classificatioormethods, and hawveft outaltogethemany reference to the physical atdatormcoverage
Examples of simplified classificationethods exist in the world of hurricanesrthquakes andrnados why
not for precipitation events?

! Flood Warning Manager and Senior Hynreteordogist, Flood Control District of Maricopa County, 2801 W. Durango
St., Phoenix, AZ 85009
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THEORY

The purpose of this exercise was to develop an indexvitat describe the severity ofiultiple storm types
(thunderstorms, general winter storms, tropical storms), that would use three storm parameters(ase@puts
average rainfall, storm duratiosnd storm or watershed area) and would give similar results for storms with
similar rainfall/duratiorpropertiesegardless of the area covergdnoteiisever i tyo will only
precipitation as a meteorological evémunoff (flooding) generaéd and damage caused are determined by an
additional set of inputsA decision was made at the outset to emulate the rating &fithéer Scales used for
earthquakeswhere a 5 is noticed but does little damage, a 7 causes significant damage aoatas®aphic
andrarelyexperiencedT h e me applicatio should range from historic storms above stream measurement
points, to comparisonsver givengeographic areas, to forecasting using QPF values as an input. It should be
easy for someone with a science background to use, give nearly identical results no matter the qualified user,
and be somewhat automated using commonly available software.

DEVEIOPMENT

Having chosen Microsoft® Excel® aslevelopment platform, it took several iteration$aghiona set of axes

and scales that would work in a rectangular plot afde triak resulted in this outcomareal average rainfall

on the left, with valas from 1 to 6 inches, duration on the right with values of 1 to 100 hours, and storm or
watershed area on the bottom with values of 1 to 10,000 square miles. Storm severity increases with increasing
rainfall and decreasing duratioso these were set apgite each other across the vertical axis. Along the bottom
axis,t h etormlSn d e x 0 witl inarelase with increasing area covered given that rainfall and duration stay

the sameso the lowest value was set on the right, gidmigherindexto the left. The end result is the chart

shown below as Figure I

Maricopa County Storm Severity Index (MCS?/)

Average Rainfall Over the Storm or Watershed Area (inches)
(sanoy) uoneing wiois

FIGURE |

Storm or Watershed Area(sq. miles)
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HOW IT WORKS

Average Rainfall Over the Storm or Watershed Area (inches)
(sanoy) uonesnqg wuois

FIGURE I

Storm or Watershed Area(sq. miles)

Step 1. For the example shown in Figure Il above, a lineoisnecedfrom the average rainfall amount (3.0)in
to the storm duration (4 hjs The average rainfall can be derived from GIS analysis of wradfa#fiall estimates,
satelliterainfall estimates or a number of hand methods tsasgierageneasurementsom raingage networks

Step2. At a storm or watershed area of 3¢ rfind the poin of intersection with the line created in Step 1.

Step 3. From that point, a perpendiculaointerline (90') is drawndown to the bottom axi® estimate the
Storm Indexfrom thewhole number Storm Inde(@ 4.9). Thecircularcolor hues can be followagp to the
larger numbers along théadonalline, but these are mostly added édenamentation.

Step4. If the storm or watershed areagi®ater thad67 square milegsee the Details sectigrthen theStorm
Index @) is equal to th&everity Index dlso denoted as the Maricopa County Storm Severity Index, or
MCS?). If not,a regression equatidiq.1)is used to adjust Sl based on the area covefed this example:
MCS1=7.9

DETAILS

Two items were considered in determining the extent of the vertical dzeal design storm depth/duration

pairs and historidlaricopa Countytorms. In this area of central Arizona, ieiceedinglyrare to se@average

rainfall depths greater than iches in 4 days (NOAA Atlas 14), so 6 inches and 100 hours were selected as the
upper bounds for the axes. For the horizontal axis, 10,000 square miles is only7&buidtlarger than
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Maricopa County, so this seemed a reasonable upper bound a3 keellse of log scales mimics the physics of
the naturalworld. A watershed responds more to diféerence between 1 %2 inches of ramd 2 inchethanto
the difference between 5 %2 and 6 inches. The difference between a one and four hour storsigsificaat
than the difference between a 91 and 94 hour storm. LikeaviBasquarenile storm has more potential for
severityversusa 2 squaranile storm than does a 540 squarge stormversusa 534 squarenile storm. The
perpendiculapointerwas tosen so that thadicatedStorm Index would increase as rainfall increased and/or

duration decreased.

Average Rainfall Over the Storm or Watershed Area (inches)

10,000

Maricopa County Storm Severity Index (MCS?/)

il

467

Storm Index (SI)

1,000

100

Storm or Watershed Area (sq. miles)

—

10

Highest Possible SI

Values by Area

3 mi2
10 mi?
33 mi?
100 mi?
233 mi2
467 mi?

SI=3.33
SI=4.75
SI=6.25
SI=7.75
SI=9.00
SI=10.0

=

50

20

10

FIGURE Il

(sanoy) uoneang wiols

To provide the severity range-{D) for storms/watersheds of small areal extent, it was necessary to develop an
adjustmenttotheStor | ndex by
showing the maximum Storm Index for a range of areas from 3 to 467 square miles. 467 square miles is the
upper bound for a Storm Index of 10 and a rainfall rate of 6 sich& hour. This number would of coutse
alteredwith a change tthe areascale. These numbers were then entered into Excel® as follows:

Anor mal i zingo

t

TABLE 1

AREA Maximum 10/ Sl
(mi?) Storr(nSII;\ dex (N-factor)
3.00 3.33 3.0000
10.00 475 2.1053
33.00 6.25 1.6000
100.0 7.75 1.2903
233.0 9.00 1.1111
467.0 10.0 1.0000

based on
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The Nfactor values, plus the corresponding Areas, Araad Areadw e r

e entered

i nto

Analysis Tool. It returned antercept value of 4.2097, and coefficients&D244, 1.0817 and.1498. So
the normalization equation used to adjust Sl values to Severity Index f@laesas less than 467 7is:

MCS?l = SI [4.217 (3.02 logA + (1.08 log&) i (0.15 logA)]

A graph of the Nfactors in Table 1 vs. predictedfiictors from Equation (1) is shown below:

Normalize Sl to MCS2I

FIGURE I

—4+—N-factor

N-factor

—Predicted N-factor

1.0000 .

1 10 100

Storm or Watershed Area(sg. mi.)

1000

LIMITS

Storm Index Limits for these Axis Dimensions

Average Rainfall Over the Storm or Watershed Area (inches)

(sanoy) uoneing wiols

1- _—
Storm Index (SI)
10,000 1,000 100 10

Storm or Watershed Area (sq. miles)

FIGURE V

(1)
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Thewhite lines on Figure/ aboveshouldhelp in visualizing the following limitationsf the method

1. Forastorm of 1 inch (min) in 100 hours (max), the smallest possibléoanghich the method can be
appliedis 22 mf. At 1 inch in 6 hours, that area stks to 2 mf.

2. For a storm of 6 inches (max) in 1 hour (min), the largest possible area is%6&t@iinches in 6 hours,
the largest possible area rises to 908 mi

3. 1linch of areal rainfall over 10,000 Hwiill always have a ®rmIndex of10 and &e\erity Indexof 10
regardless of duration.

4. 1inch of areal rainfall over 1 fwill always have a ®rmIndexof 1 and aSeveritylndexof 2.4 regardless
of duration.

5. Beyond a storm or watershed area of 467 8lifor a given rainfall depth and duratiavill increase with
increasing area.

The stornparameters i st ed a Bh0p000emi; ( 16..000000// 1 hr . ) that represent
graph also represent outliers in terms of what Motheufggiroduces in central Arizona. All of the hiéto
stormsanalyzd in the developmenmind testingprocesf this methodell well within these boundaries.

EXAMPLE STORM

I 0.04 - 0,24 Inches
W 0.25-0.51
Mo.s2-0.75
Wo7s-102
1.03-1.26
1.27-1.53
1.54-177
1.75-2.05
2,06 - 2,28
2,29-2.56
W257-z.60
W z.81-3.07
W 3,08 -3.59
Ws40-3.82
Ml 5.53-4.17

—

Yekol Wash Watershed
Storm of 08/27/2010
133 s miles, 1.8in. / 3hrs.

p—i Approx. 1mile

Figure M above depicts a thunderstorm that occualeout 40 milesouth of Phoenix on August 27, 2010.
ArcGIS® was used to determine the average rainfall over the watershed using a coverage -aidjosadgl,
gagecorrected radar rainfall estimates provided byeather productgendor. Each colored pixel is 1km on a
side and represents the mean rainfall value for that square kiloriéisrstorm generated a peak discharge of
10,100 cfs at th&/ekol Wash streargagei the highest in its 2@ear record.lt was determined that the average
rainfall valuefor the contributing watershdgurple boundary below the gage) was 1.9 inches. A duration of 3
hours was extracted from ddtansmitedby the Vekol Wash rain gage.
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Storm of 08/27/2010
Vekol Wash Watershed
above Vekol Wash Gage
1.9 inches in 3 houmsver 133 milezs
SI1 5.9, Q = 10,100 cfs
2
MmcsI=7.3

FIGURE VI

Drawing a line from 1.9 inches on the left affsy. VII) to 3 hours on the right axis, extending a perpendicular
pointea from the point above 133 fireading 5.9 as the Storm Indexd inputting this into Equation (4jong
with the area of 133 rhiassigns a Severity Index Bf3to this storm over this watershatta

COMPARISON TO DESIGN RAINFALL

Havingexcludedpointrainfall exceedance probabilityoim the input list for this methodology, we should
nevertheless be able é@amine design rainfall in the context of severity. We would expect the federal design
standard, i.ethe 108year stormto score fairly high on the index. Two popular design ssarmiMaricopa

County are the-6and 24hour, 100year rainfall events, and these are used in the following exampke.
Aipointo chosen wa'sSt. i dosvstoovn Phoenid which happend to haGe a rain gage. The
6-hour, 10Gyear rainfall véue for this point from NOAA Atlas 14 is 2.64 incheBable 2.1 in the Drainage
Design Manual for Maricopa County (Gerlach, Motamedi & Loorl1Q lists areal reduction factors for 6

hour duration rainfall. Using this table for areas of 10, 50 andsG08re miles reduces the point value (& mi

of 2.64 inches to 2.48, 2.27 and 2.11 inches respectifbtting these rainfall values. their respective areas
on the MC49l graph (Fig. VII) produces Storm Index numbers of 3.5, 5.0 and 5.6. Entersg thto Equation
(1) gives Storm Severity Index numbers/ot, 7.3and7.2 As we would expect from the method, the severity
index numbers are quite closetoeachgthergi vi ng an i RAydeiacradt isotno rtnfrealn oa nfalt Ot
extent will beconsistentlycalculated bythe Severity Index. Also, notice that the slope of the lines connecting
average rainfall to duration is nearly flat. We will seéunther examples that the line will in general slope
down (from left to right) for severity vaés greater thanand slope up for values less than

Page7 of 13



